THERMAL ENHANCE PACKAGE WITH UNIVERSAL HEAT SPREADER 
BACKGROUND OF THE INVENTION 

Field of Invention 

[0001] This invention relates to a semiconductor package. More particularly, the 
present invention is related to a thermal enhance semiconductor package with a 
universal heat spreader having through holes and heat transmission pins therein. 

Related Art 

[0002] Integrated circuit (chip) packaging technology is becoming a limiting factor 
for the development in packaged integrated circuits of higher performance. 
Semiconductor package designers are struggling to keep pace with the increase in pin 
count, size limitations, low profile, and other evolving requirements for packaging 
and mounting integrated circuits. 

[0003] Originally, in the conventional semiconductor package, the active surface of 
the chip faces down and is attached to the carrier via metal bumps or solder bumps so 
as to electrically coimect the chip and the carrier. Due to short electrical connection 
paths between the chip and the carrier, small package size, easy control for high 
firequency noise and lower signal delays, the flip chip technology is broadly utilized in 
the recent days. 

[0004] As we know, the conventional flip chip package is characterized in that the 

back surface of the chip is directly exposed to the outside without disposing any 

further heat spreader on the back surface of the chip. Accordingly, it is easy to cause 

the chip to be damaged due to lack of protective layer on the chip. Furthermore the 

heat arisen out of the chip is accumulated inside and the heat can't be tremsmitted to 

the outside. Thus the life of the chip will be shortened. 

1 



[0005] Additionally, in order to upgrade the efficiency of the heat dissipation, flip 
chip package can be in the form of another types. As shown in FIG. 1, a high 
performance flip chip ball grid array package (HF-BGA) is disclosed. Such 
semiconductor package 1 mainly comprises a carrier 11, a semiconductor chip 12, a 
plurality of solder bumps 13, an underfill 14 and a heat spreader 15. The 
semiconductor chip 12 is flipped and faced down, and electrically connected to the 
carrier 1 1 via the solder bumps 13. And the underfill 14 is filled and disposed between 
the semiconductor chip 12 and the carrier 13 so as to lower the thermal stress caused 
by the change of the temperature. 

[0006] Fiirthermore, the solder balls 16 are disposed on the surface opposed to the 
surface for the chip being attached thereon and electrically connected to other external 
devices. And the heat spreader 15 is attached to the semiconductor chip 12 by the heat 
transmission adhesive 17 so that the heat arisen out of the semiconductor chip 12 can 
be transmitted to the outside through the heat transmission adhesive 17 and the heat 
spreader 15, Besides, a stiffener ring 18 is provided on the carrier 11 so as to support 
the heat spreader 1 5 and to prevent the heat spreader 1 5 being tilted. 

[0007] Next, referring to FIG.2, a similar semiconductor package is disclosed. 
When the size of the semiconductor chip 22 is large enough that the stiffener ring can 
be eliminated. It should be noted that the reference numeral of each element in FIG. 2 
corresponds to the reference numeral of each element in FIG. 1. 

[0008] As shown in FIG. 1, the heat arisen out of the semiconductor chip 12 is 

transmitted to the outside not only through the back surface of the semiconductor chip 

12 and the heat transmission adhesive 17 but also through the stiffener ring 18, the 

carrier 1 1 and the solder balls 16. And, as shown in FIG. 2, the heat arisen out of the 

semiconductor chip 22 is transmitted to the outside not only through the back surface 
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of the semiconductor chip 22 and the heat transmission adhesive 27 but also through 
the carrier 21 and the solder balls 26. Furthermore the heat can also be transmitted to 
the outside via the air encompassing the semiconductor chip 12 and 22, However, 
there is not enough space for the air convection between the semiconductor chip and 
the carrier 1 1 so that the heat transmission by air convection is not good. Thus the 
efficiency of heat dissipation for a semiconductor package is lowered, 

[0009] Therefore, providing another thermal enhance package to solve the 
mentioned-above disadvantages is the most important task in this invention. 

SUMMARY OF THE INVENTION 

[0010] In view of the above-mentioned problems, an objective of this invention is 
to provide a thermal enhance package with a universal heat spreader having through 
holes and heat transmission pins plugged into the through holes. 

[0011] To achieve the above-mentioned objective, a thermal enheince package with 
a universal heat spreader is provided, wherein the thermal enhance package comprises 
a carrier, a semiconductor chip, and a universal heat spreader. The semiconductor chip 
is electrically connected to the carrier in a flip-chip fashion and the imiversal heat 
spreader is disposed on the semiconductor chip. Therein the universal heat spreader 
has a plurality of through holes to improve the efficiency of heat transmission by air 
convection. In addition, a heat transmission pin is provided to plug in one of the 
through holes to increase the area for heat dissipation and to upgrade the efficiency of 
the heat transmission. 

[0012] Accordingly, the heat arisen out of the semiconductor chip is transmitted to 
the outside by the through holes so as to upgrade the efficiency of air convection and 
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heat transmission and to prevent more and more heat from being accumulated in the 
semiconductor chip. In such a manner, the semiconductor chip will be easily damaged 
by accumulating more heat therein. Besides, a heat transmission pin is plugged in one 
of the through holes so as to adjust the thermal resistance according to the package 
design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The invention will become more fully understood from the detailed 
description given herein below illustrations only, and thus are not limitative of the 
present invention, and wherein: 

[0014] FIG. 1 is a cross-sectional view of the conventional HFC-BGA (high 
performance flip chip ball grid array) package; 

[0015] FIG. 2 is a cross-sectional view of a conventional ball grid array package 
with a heat spreader; 

[0016] FIG. 3 is a cross-sectional view of a thermal enhance semiconductor 
package according to the first embodiment of the present invention; 

[0017] FIG. 4 is a cross-sectional view of a thermal enhance semiconductor 
package according to the second embodiment of the present invention; and 

[0018] FIG. 5 is a cross-sectional view of a thermal enhance semiconductor 
package according to the third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] The thermal enhance semiconductor package with a universal heat spreader 
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having through holes and heat transmission pins plugged in the through holes 
according to the preferred embodiment of this invention will be described herein 
below with reference to the accompanying drawings, wherein the same reference 
numbers refer to the same elements, 

[0020] In accordance with a first preferred embodiment as shown in FIG. 3, there is 
provided a thermal enhance semiconductor package with a universal heat spreader 
The thermal enhance semiconductor package mainly comprises a carrier 31, a 
semiconductor chip 32, a heat transmission adhesive 33, an underfill 34 and a 
universal heat spreader 35. The carrier 31, for example a substrate and a lead frame, 
has an upper surface 311 and a lower surface 312 opposed to the upper surface 311. 
The semiconductor chip 32 has an active surface 321 and a back surface 322 opposed 
to the active surface 321. Therein a plurality of bonding pads 323 are formed on the 
active surface 321, a plvu-ality of conductive devices 324, such as conductive bumps, 
metal bumps or solder bumps, are disposed on the bonding pads 323, a universal heat 
spreader 35 with flat shape is disposed on the back surface 322 by the heat 
transmission adhesive 33, and the active surface 321 of the semiconductor chip 32 
faces the upper surface 311 of the carrier 31 and are electrically connected to the 
upper surface 311 via the conductive devices 324. 

[0021] As mentioned above, the heat transmission adhesive 33 can be a glue, a 
flexible film, or a tape for connecting the universal heat spreader 35 and the 
semiconductor chip 32, and for transmitting the heat arisen from the semiconductor 
chip 32 to the outside. 

[0022] It should be noted that the universal heat spreader 35 has a plurality of 

through holes 351 for upgrading the efficiency of the heat transmission by air 

convection so that the heat can be transmitted to the outside more quickly. Therein the 
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though holes 351 can be formed by the method of mechanical drilling and laser 
ablating. When the material of the universal heat spreader 35 is aluminum, the inner 
walls 352 of the through holes can be plated with a conductive layer, for example a 
copper layer or a silver layer. Besides, at least one heat transmission pin 353 is 
provided to be plugged and fixed in one of the through holes 351 by a heat 
transmission adhesive (not shown), for example an adhesive with high thermal 
conductivity. Accordingly, the area for heat dissipation is increased. In addition, a 
metal layer is provided on the outer surface of the heat transmission pin 353, for 
example a copper layer or a silver layer, so as to upgrade the efficiency of heat 
transmission. However, the location for disposing the heat transmission pin 353 can 
be adjusted according to the package design to achieve the designed thermal 
resistance. 

[0023] Moreover, the coefficient of thermal expansion for the carrier 3 1 is not in 
compliance with the coefficient for the semiconductor chip 32 so as to lower the effect 
of the CTE (coefficient of the thermal expansion) mismatch and to prevent the 
package from being affected by the thermal stress caused by CTE mismatch by filling 
an underfill between the semiconductor chip 32 and the carrier 31. In addition, a 
solder ball 36 is mounted on the lower surface 312 of the carrier 31 so as to 
electrically connect the semiconductor package to another external electronic devices. 

[0024] Next, referring to FIG. 4, a stiflfener ring 39 is disposed around the 
semiconductor chip 32 and mounted on the carrier 31 to connect the carrier 31 and the 
heat spreader 35 so as to support the universal heat spreader 35 and to prevent the 
universal heat spreader 35 being tilted and deformed. 

[0025] Now, referring to FIG. 5, this invention further comprises a universal heat 

spreader 38 formed into a cap shape. The universal heat spreader 38 with a cap shape 
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is mounted onto the back surface 322 of the semiconductor chip 32 and the upper 
surface 311 of the carrier 31 via a heat transmission adhesive 37, Similarly, the 
universal heat spreader 38 with a cap shape also has a plurality of through holes 381 
formed therein. Therefore, the heat arisen out of the semiconductor chip 32 is not only 
transmitted to the outside by conduction through the heat transmission adhesive 37, 
the universal heat spreader 38 with a cap shape and the carrier 31 but also by air 
convection via through holes so that the efficiency of the heat transmission can be 
upgraded. Moreover, as mentioned above, a heat transmission pin 383 is provided to 
plug in one of the through holes 381 in order to increase the areas for heat dissipation. 
Besides, a metal layer, for example a copper layer and a silver layer, is provided on 
the outer wall of the heat transmission pin 383 to upgrade the heat transmission 
efficiency. It should be noted that the location for disposing the heat transmission pin 
383 can be adjusted according to the package design to achieve the designed thermal 
resistance. It also should be noted that the reference numeral of each element in FIG. 
4 and 5 corresponds to the same reference numeral of each element in FIG. 3. 

[0026] Although the invention has been described in considerable detail vnth 
reference to certain preferred embodiments, it v^ll be appreciated and understood that 
various changes and modifications may be made v^thout departing firom the spirit and 
scope of the invention as defined in the appended claims. 
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